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Summary 
A new medium-energy electron diffraction (MEED) apparatus combined with Auger electron spectroscopy (AES), 
MEED-AES, has been developed. This apparatus enables surface analyses on not only atomic structure but also 
atomic composition. InP(111)B surface with low melting point was used as a sample in order to investigate the 
changes of the surface structure and the surface composition depending on the heat treatment. It has been found 
by the new MEED-AES apparatus that the atomic composition of the topmost surface becomes P rich by heat 
treatment over about 500Υ and the surface structure has two times periodicity over about 540Υ. At the same 
time, scanning electron microscopy (SEM) combined with energy dispersive X-ray spectrometry (EDS) showed 
formation of droplets of In atoms. Considering the deference of sampling depth between AES and EDS, it is 
considered that very thin film of P atoms covers the topmost surface of each In droplet. 
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཯ᑕ㟁Ꮚᅇᢡἲࡣ⤖ᬗ⾲㠃ࡢཎᏊᵓ㐀ࢆศᯒ࣭ホ౯
ࡍࡿ᭷ຠ࡞ᡭἲ࡛࠶ࡾࠊ཯ᑕ㧗㏿㟁Ꮚᅇᢡ㸦reflection 
high-energy electron diffraction, RHEED㸧ࡸప㏿㟁Ꮚᅇᢡ
㸦low-energy electron diffraction, LEED㸧ࡣ⌧ᅾᗈࡃ⏝࠸
ࡽࢀ࡚࠸ࡿࠋࡑࡢ⌮⏤ࡢ୍ࡘ࡜ࡋ࡚ࠊ㏱㐣㟁Ꮚᅇᢡ
㸦transmission electron diffraction, TED㸧࡛ࡣヨᩱࢆ㟁Ꮚ
⥺ࡀ㏱㐣࡛ࡁࡿ⛬ᗘ࡟ⷧ∦໬ࡍࡿᚲせࡀ࠶ࡾ͂ࠊ ࡑࡢሙ̓
ほᐹ࡟ࡣྥ࠿࡞࠸ࡇ࡜ࡀᣲࡆࡽࢀࡿࠋ୍᪉ࠊRHEED ࡣ
ⷧ⭷ᡂ㛗ࡢ͂ ࡑࡢሙ ほ̓ᐹࡀ᭷ຠ࡛࠶ࡾⷧࠊ ⭷ᙧᡂศ㔝
࡟࠾࠸࡚ᗈࡃ⏝࠸ࡽࢀ࡚࠸ࡿࠋ 
୍⯡࡟ RHEED ࡣࠊ⏝࠸ࡿධᑕ㟁Ꮚ⥺ࡢࣅ࣮࣒ᚄࡀࢧ
ࣈ mm ⛬ᗘࡢࡓࡵࠊᒁᡤ㡿ᇦ࡛࡞ࡃࣅ࣮࣒↷ᑕ㡿ᇦ඲
యࡢᖹᆒⓗ࡞ᵓ㐀ศᯒ࣭ホ౯ࢆ⾜࠺ᡭἲ࡛࠶ࡿࠋࡋ࠿ࡋ
࡞ࡀࡽࠊ᭱㏆࡛ࡣ㟁⏺ᨺᑕ㟁Ꮚ㖠ࢆ⏝࠸ࡓᒁᡤᵓ㐀ࡢ
ศᯒࡶヨࡳࡽࢀ࡚࠾ࡾࠊᡃࠎࡶ 2 ᖺ๓࡟㟁⏺ᨺᑕᆺ୰
㏿ 㟁 Ꮚ ᅇ ᢡ (field emission (FE) type medium-energy 
electron diffraction (MEED㸧⿦⨨ࢆ㛤Ⓨࡋࠊᮏ⣖せ࡛ሗ࿌
ࡋࡓ㸯㸧ࠋ㟁⏺ᨺᑕ㟁Ꮚࡣ㔪ඛࡢᴟࡵ࡚ᚤᑠ㡿ᇦ࠿ࡽᨺฟ
ࡉࢀࡿ㟁Ꮚࢆ฼⏝ࡍࡿࡓࡵ཰᮰ᛶࡸࢥࣄ࣮ࣞࣥࢺᛶ࡟
ඃࢀࠊ㍤ᗘࡶ㧗࠸ࡓࡵࠊᒁᡤ㡿ᇦࡢほᐹ࡟㐺ࡋ࡚࠸ࡿࠋ
㸨 㟁Ẽ㟁ᏊᕤᏛ⛉ 
㸨㸨 ᕤᏛ◊✲⛉ 㟁Ꮚ࣭㟁ᏊᕤᏛᑓᨷ 
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ࡋ࠿ࡋ࡞ࡀࡽࣅ࣮࣒ࡢᏳᐃᛶࢆ☜ಖࡍࡿࡓࡵ࡟ࡣ 10㸫㸶 
Pa ⛬ᗘ௨ୗࡢᴟ㧗┿✵ࡲ࡛ୗࡆࡿᚲせࡀ࠶ࡿࠋᡃࠎࡢ
㛤Ⓨࡋࡓ FE-MEED ⿦⨨ࡣ┿✵ᗘࡀ༑ศ㐩ᡂࡉࢀ࡚࠸
࡞࠸ࡓࡵࠊṧ␃࢞ࢫ࢖࢜ࣥࡢ⾪ᧁ࡟ࡼࡿ㟁Ꮚ⥺ᙉᗘࡢ
୙ᏳᐃᛶࡀⓎ⏕ࡋࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊᅇᢡᅗᙧࡢほᐹࡔ
ࡅࢆ┠ⓗ࡜ࡍࡿ࡞ࡽࡤ༑ศά⏝ྍ⬟࡛࠶ࡿࠋ 
ᮏ◊✲࡛ࡣ୰㏿㟁Ꮚᅇᢡᅗᙧࡢほᐹ࡜࡜ࡶ࡟࣮࢜ࢪ
࢙ ᐃࡶྍ⬟࡞⿦⨨㛤Ⓨࢆ⾜࠺ࡇ࡜ࢆ┠ⓗࡢ୍ࡘ࡜ࡋ
࡚࠸ࡿࠋࡑࡇ࡛ࠊ10㸫㸵Pa ࣮࢜ࢲ࣮ࡢ㉸㧗┿✵ෆ࡛Ᏻᐃ
࡞㟁Ꮚࣅ࣮࣒ࢆⓎ⏕ࡍࡿ⇕㟁Ꮚ㖠ࢆ⏝࠸ࡓ MEED-AES
⿦⨨ࢆ㛤Ⓨࡋࡓࠋ࣮࢜ࢪ࢙ ᐃࡢࡓࡵࠊ⌫㠃ࢫࢡ࣮ࣜࣥ
ᡭ๓࡟ࡣ 4 ᯛࢢࣜࢵࢻᆺࡢ㜼Ṇ㟁ሙᆺ࢚ࢿࣝࢠ࣮ศᯒ
ࢩࢫࢸ࣒ࡶᵓ⠏ࡋࡓࠋ 
ヨᩱ࡜ࡋ࡚⏝࠸ࡓ InP㸦111㸧ࡣࣂࣥࢻࢠࣕࢵࣉ 1.35eV
ࡢϪ̺Ϭ᪘໬ྜ≀༙ᑟయ࡛࠶ࡾࠊᅛ᭷ࡢࣆ࢚ࢰ㟁⏺ࢆ
᭷ࡍࡓࡵከࡃࡢࢹࣂ࢖ࢫ࡟ά⏝ࡉࢀ࡚࠸ࡿ 2,3)ࠋࡋ࠿ࡋ
࡞ࡀࡽప⼥Ⅼ㸦1062Υ㸧ᮦᩱ࡛࠶ࡿࡓࡵࠊ ᗘኚ໬࡟ᑐ
ࡍࡿ⾲㠃ኚ໬࡟ࡘ࠸࡚ࡢ⌮ゎࡀ≉࡟ࢹࣂ࢖ࢫᙧᡂ᫬࡟
࠾࠸࡚ồࡵࡽࢀ࡚࠸ࡿࠋࡑࡇ࡛➨஧ࡢ┠ⓗ࡜ࡋ࡚ࠊᮏ⿦
⨨ࢆ⏝࠸࡚ InP(111)⾲㠃ࡢ⇕ฎ⌮࡟ᑐࡍࡿ⾲㠃ᵓ㐀ࠊᙧ
ែࠊ⤌ᡂࡢኚ໬࡟ࡘ࠸࡚ㄪ࡭ࡓࠋ 
㸬0(('$(6 ⿦⨨ࡢ〇స
ᮏ◊✲࡛〇సࡋࡓ MEED㸫AES ⿦⨨ࡢᴫᛕᅗࢆ Fig. 
1 ࡟♧ࡍࠋ᪤࡟ሗ࿌ࡋࡓ㟁⏺ᨺᑕ㟁Ꮚ㖠ࡢ௦ࢃࡾ࡟⇕㟁
Ꮚ㖠ࢆタ⨨ࡋࡓࠋ⇕㟁Ꮚ㖠ᮏయࡢࡳࡣ OCI ♫㸦࢝ࢼࢲ㸧
〇ࡢప࣭୰㏿㟁Ꮚ㖠ࢆ⏝࠸ࠊࡑࡢไᚚ㟁※ࡣ⮬సࡋࡓࠋ 
㟁Ꮚ㖠ࡢไᚚ㟁※ࡣ Fig. 2(a)࡟♧ࡍࡼ࠺࡟ࠊ㟁Ꮚ㖠ྛ
㒊࡟㟁ᅽࡸ㟁ὶࢆ౪⤥ࡍࡿࡓࡵࡢࡶࡢ࡛࠶ࡾࠊ⮬సࡋ
ࡓᐇ≀෗┿ࢆ Fig. 2(b)࡟♧ࡍࠋ㟁Ꮚ㖠࡜ࡢ᥋⥆➃Ꮚ A㹼
H ࡟ࡘ࠸࡚ࠊ௨ୗ࡟⡆༢࡟㏙࡭ࡿࠋ 
➃Ꮚ㹀࡜㹁ࡣࢱࣥࢢࢫࢸࣥࣇ࢕࣓ࣛࣥࢺ࡟㟁ὶࢆὶ
ࡍࡓࡵࠊᐃ㟁ὶ㟁※㸦0㹼3 A㸧࡜᥋⥆ࡍࡿࠋࡇࡢࣇ࢕ࣛ
࣓ࣥࢺ࡟ࡣຍ㏿㟁ᅽ࡛࠶ࡿ㈇ࡢ㧗㟁ᅽ(0㹼̺3kV)ࢆ༳
ຍࡍࡿࡓࡵᐃ㟁ὶ㟁※ࡣࢢࣛࣥࢻ࠿ࡽᾋ࠿ࡍࠋ➃Ꮚ㸿
࡟ࡣ࢙࣮࢘ࢿࣝࢺ㟁ᅽࢆ༳ຍࡍࡿࠋࡇࡢ㟁ᅽࡣຍ㏿⏝
ࡢ㈇㟁ᅽ࡟㟁ụ࠿ࡽࡢศᅽ㸦0㹼̺90V㸧ࢆ㔜␚ࡍࡿࠋ➃
(a) 
Fig. 2 Controller of electron gun:  
(a) block diagram, (b) photograph of the 
electric circuit Fig. 1 Schematic diagram of MEED-
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Ꮚ㹂࡟ࡣ㟁Ꮚ⥺ࢆ཰᮰ࡉࡏࡿࡓࡵࡢࣇ࢛࣮࢝ࢫ⏝㟁ᅽ
㸦ຍ㏿㟁ᅽࡢ 50㹼100㸣ࡲ࡛ྍኚ㸧ࢆ༳ຍࡍࡿࠋ➃Ꮚ㹅
࡜㹆ࡣࡑࢀࡒࢀ㹶᪉ྥࠊ㹷᪉ྥ࡟㟁Ꮚ⥺ࢆ೫ྥࡉࡏࡿ
ࡓࡵࡢ㟁ᅽࢆ༳ຍࡍࡿࠋ 
ᐇ㝿࡟ᐇ㦂࡛౑⏝ࡍࡿ࡜ࡁࡢ㟁Ꮚ㖠ࡢ㥑ື᮲௳࡜ࡋ
࡚ຍ㏿㟁ᅽࡣ-1kVࠊ࢙࣮࢘ࢿࣝࢺ㟁ᅽࡣຍ㏿㟁ᅽ࡟-
10V ⛬ᗘࢆୖ஌ࡏࡋࡓࠋࣇ࢕࣓ࣛࣥࢺ㟁ὶࡣ 2.4Aࠊ཰
᮰⏝ࣞࣥࢬ㟁ᅽࡣ-0.75kV ࡛ᐇ㦂ࢆ⾜ࡗࡓࠋMEED ほᐹ
࡛ࡣ Fig. 1 ࡢࢫ࢖ࢵࢳ S ࢆᕥഃ࡟ಽࡋࠊ㜼Ṇ㟁ᅽ VRࢆ
-0.95kVࠊ⌫㠃ࢫࢡ࣮ࣜࣥ㟁ᅽ VS ࡟ࡣ+3kV ༳ຍࡋ࡚ᅇ
ᢡᅗᙧࡢほᐹࢆ⾜ࡗࡓ୍ࠋ ᪉ࠊ࣮࢜ࢪ࢙㟁Ꮚศග ᐃ࡛
ࡣ Fig. 1 ࡢࢫ࢖ࢵࢳ S ࢆྑഃ࡟ಽࡋࠊࣔࢪ࣮ࣗࣞࢩࣙ
ࣥ⏝ࡢ㧗࿘Ἴ㟁ᅽࢆ 10Vࠊ㉮ᰝ㏿ᗘࢆ 1eV/sࠊ᫬ᐃᩘࢆ
1s ࡜ࡋࡓࠋ 
㸬ᐇ㦂᪉ἲ
ᮏ◊✲࡛㛤Ⓨࡋࡓ᪂ MEED㸫AES ⿦⨨࡜ SEM㸫EDS
ࡑࡋ࡚ AFM ࢆ⏝࠸࡚ InP(111)⾲㠃ࡢຍ⇕ฎ⌮࡟ᑐࡍࡿ
ኚ໬ࢆほ ࡋࡓࠋヨᩱ⾲㠃ࡣ∦㠃◊☻ࡉࢀࡓ InP(111)B
㠃࡛࠶ࡾࠊInPሺͳതͳതͳതሻ࡜ࡶ୍⯡࡟⾲グࡍࡿࡀࠊࡇࡇ࡛ࡣ
InP(111)࡜␎グࡍࡿࠋヨᩱࡣ࢔ࣥࢻ࣮ࣉࡢ N ᆺ࡛࠶ࡾࠊ
ࢧ࢖ࢬࡣ⣙ͳͲ ൈ ͵ ൈ ͲǤͶͷ mm3࡛࠶ࡿࠋ 
ヨᩱຍ⇕᪉ἲࡣ┤᥋㟁ὶࢆὶࡋ࡚ຍ⇕ࡍࡿ┤᥋㏻㟁
ຍ⇕ἲࢆ᥇⏝ࡋࡓࠋ┤᥋㏻㟁ຍ⇕ἲ࡛ࡣヨᩱࡢ ᗘ࡟
ᑐࡍࡿ࢟ࣕࣜ࢔ᐦᗘࡢኚ໬࠶ࡿ࠸ࡣ⾲㠃⤌ᡂࡢኚ໬࡟
ࡼࡾࠊ༢⣧࡞㟁ὶ࡜ ᗘࡢ┦㛵࡟ࡣ࡞ࡽ࡞࠸ࠋࡑࡇ࡛ࠊ
ணࡵ⣽࠿ࡃᐇ ࡋࡓ㟁ὶ࡜ ᗘࡢ㛵ಀ࡟ᇶ࡙ࡁࠊὶࡍ
㟁ὶ࠿ࡽ ᗘࢆᐃࡵࡓࠋ 
㸬ᐇ㦂⤖ᯝཬࡧ⪃ᐹ
 ຍ⇕ฎ⌮࡟ᑐࡍࡿヨᩱ⾲㠃ࡢኚ໬
┤᥋㏻㟁ຍ⇕ἲ࡟࠾࠸࡚ணࡵࠊヨᩱ࡟ὶࡍ㟁ὶ࡟ᑐ
ࡍࡿヨᩱ ᗘࢆ㧗┿✵ࢳࣕࣥࣂ࣮ෆ࡛ȭ0.1ࡢC.A.⇕㟁
ᑐࢆヨᩱ⾲㠃࡟᥋ゐࡉࡏ࡚ ᐃࡋࡓࠋࡑࡢ⤖ᯝࢆ Fig. 3
࡟♧ࡍࠋࢻࢵࢺࡣᐇ㦂 ᐃ್࡛࠶ࡾࠊࡑࢀࡽࡢ㏆ఝ᭤⥺
ࡶ♧ࡋ࡚࠸ࡿࠋ▮༳࡛♧ࡍ 0.6A㸦520Υ㸧௜㏆࡛ ᗘ≉
ᛶࡀ኱ࡁࡃኚ໬ࡍࡿ≉ᚩࡀぢࡽࢀࡿࠋࡲࡓࠊ5A ๓ᚋ㸦600
㹼700Υ㸧࡛⁐᩿ࡀ⏕ࡌࡓࠋ 
ຍ⇕᫬ࡢヨᩱ⾲㠃ࡢኚ໬ࢆ⫗║ほᐹࡍࡿࡓࡵࠊูࡢ
㧗┿✵ࢳࣕࣥࣂ࣮ෆ࡛ InP(111)ヨᩱࡢ୧➃ࢆࢱࣥࢱࣝ
㟁ᴟ࡛ᣳࡳࠊ┤᥋㏻㟁ຍ⇕ࢆ⾜ࡗࡓࠋFig. 4 ࡟ࡑࡢᵝᏊ
ࢆ♧ࡍࡀࠊ520Υ௜㏆௨ୖ࠿ࡽヨᩱ⾲㠃ࡣ࠿ࡍ࠿࡟ࢩ࣑
≧ࡢኚⰍࡀㄆࡵࡽࢀࠊᐊ ࡟ᡠࡋ࡚⾲㠃ࢆほᐹࡍࡿ࡜
㙾㠃ࡢࡘࡸࡀᾘኻࡋ࡚࠸ࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ 
540Υࠊ10 ⛊㛫ຍ⇕ฎ⌮ࡋࡓヨᩱ⾲㠃ࢆ SEM ほᐹࡋ
ࡓ⤖ᯝࢆຍ⇕๓ࡢࡶࡢ࡜ẚ㍑ࡋ࡚ Fig. 5 ࡟♧ࡍࠋ(a)ࡢ
ຍ⇕๓࡜(b)ࡢຍ⇕ฎ⌮ᚋࡢಸ⋡ࡣࡑࢀࡒࢀ 100 ಸ࡜
500 ಸ࡛ᣑ኱⋡ࡣከᑡ␗࡞ࡿࡶࡢࡢࠊ᫂ࡽ࠿࡟⾲㠃ࡢᙧ
ែ࡟ኚ໬ࡀ⏕ࡌ࡚࠸ࡿࠋ(a)ࡢຍ⇕๓࡛ࡣᖹᆠ࡛࠶ࡿࡀࠊ
(b)ࡢຍ⇕ฎ⌮ᚋ࡛ࡣᩘ༑ȣm ⛬ᗘ࠾ࡼࡧࡑࢀ௨ୗࡢࢧ
࢖ࢬࡢࢻࣟࢵࣉࣞࢵࢺࡀᩘከࡃᙧᡂࡉࢀ࡚࠸ࡿࡇ࡜ࡀ
ࢃ࠿ࡿࠋSEM ࡟௜ᒓࡍࡿ EDS ࢆ⏝࠸࡚⤌ᡂࢆㄪ࡭ࡿ࡜
(a)ࡢຍ⇕๓࡛ࡣほᐹ㡿ᇦࡢ In ࡜ P ࡢᖹᆒ⤌ᡂẚࡣ 1㸸
1 ࡛࠶ࡿ୍ࠋ ᪉ࠊ(b)ࡢຍ⇕ฎ⌮ᚋ࡟࠾࠸࡚ࡣࠊほᐹ㡿ᇦ
ࡢ In ࡜ P ࡢᖹᆒ⤌ᡂẚࡣ⣙ 9㸸1 ࡜࡞ࡾࠊP ཎᏊࡀ EDS
ࡢ᳨ฟ῝ࡉෆ࡛⾲㠃࠿ࡽ⬺㞳㸦⵨Ⓨ㸧ࡋࡓࡶࡢ࡜⪃࠼ࡽ
ࢀࡿࠋࡉࡽ࡟ Fig. 5(b)ࡢ▮༳࡛♧ࡍ⟠ᡤࡢᒁᡤศᯒࢆ⾜
ࡗ࡚ࡳࡿ࡜ࠊࢻࣟࢵࣉࣞࢵࢺࡣ In ཎᏊࡢࡳ࠿ࡽᡂࡾࠊ
Fig. 3 Sample temperature depending on 
electric current 
Fig. 4 Photographs of heated sample surface 
Fig. 5 SEM images of sample surfaces; (a) 
untreated and (b) heat treated at 540Υ 
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ᖹᆠ㒊ศࡣ In ࡜ P ࡢẚࡀ⣙ 3.6㸸1 ࡛ P ཎᏊࡶṧᏑࡋ࡚
࠸ࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡇࡢࡼ࠺࡞⤖ᯝ࠿ࡽࠊప⼥Ⅼࡢ P
ཎᏊࡀ⵨Ⓨࡋࡓᚋࠊ㐣๫࡞ In ཎᏊྠᚿࡀ⼥ྜࡋ࡚ࢻࣟ
ࢵࣉࣞࢵࢺࢆᙧᡂࡋࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ௨ୖࡢࡇ࡜
࠿ࡽ 500Υ㏆ഐࡢຍ⇕ ᗘ࡟ࡼࡾ⾲㠃ࡢᙧែ࡜⤌ᡂࡣ
኱ࡁࡃኚ໬ࡍࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊࡇࢀࡽ
ࡢ⤖ᯝࡣ 15keV ࡢ㟁Ꮚ⥺ࢆ⏝࠸ࡓ EDS ࡢ᳨ฟ῝ࡉ⣙㸯
ȣm ෆࡢ⤌ᡂ࡛࠶ࡿࡇ࡜࡟ὀពࢆせࡍࡿࠋḟ࡟ࠊᮏ◊✲
࡛㛤Ⓨࡋࡓ MEED㸫AES ⿦⨨ࢆ⏝࠸ࡓ᭱⾲㠃㏆ഐࡢ⾲
㠃⤌ᡂ࡜⾲㠃ᵓ㐀ࡢ⤖ᯝ࡟ࡘ࠸࡚㏙࡭ࡿࠋ 

 ຍ⇕ฎ⌮࡟ᑐࡍࡿ⾲㠃⤌ᡂࡢኚ໬
ୖ࡛㏙࡭ࡓ EDS ࡟ࡼࡿศᯒࡣ SEM ࡢ 15keV ࡢ㟁Ꮚ
⥺ࢆ 1 ḟ㟁Ꮚ⥺࡜ࡋ࡚⏝࠸࡚࠸ࡿࡓࡵࠊศᯒ῝ࡉࡣ 1ȣ
m ⛬ᗘ࡜ࡉࢀ࡚࠸ࡿࠋ୍᪉ࠊMEED㸫AES ⿦⨨ࡢධᑕ
㟁Ꮚࡢ࢚ࢿࣝࢠ࣮ࡣ 1keV ࡛࠶ࡾࠊ࠿ࡘࡑࢀ࡟ࡼࡾບ㉳
ࡉࢀࡿ In(MNN)࡜ P(LMM)ࡢ࣮࢜ࢪ࢙㟁Ꮚࡢ㐠ື࢚ࢿ
ࣝࢠ࣮ࡣࡑࢀࡒࢀ⣙ 120eV ࡜⣙ 404eV ࡛࠶ࡿࡓࡵࠊ⬺
ฟ῝ࡉࡣ⾲㠃ᩘཎᏊᒙ࡟㝈ࡽࢀࠊSEM㸫EDS ࡟ࡼࡿ᳨
ฟ῝ࡉ࡜ࡣ኱ࡁࡃ␗࡞ࡾࠊ᭱⾲㠃࡟ᩄឤ࡛࠶ࡿࠋ 
550Υࡲ࡛ࡢຍ⇕ ᗘ࡟ᑐࡍࡿ⾲㠃⤌ᡂࡢ AES ศᯒ
⤖ᯝࢆ Fig. 6(a)࡟♧ࡍࠋࡑࢀࡒࢀࡢ ᗘ࡛ࡢຍ⇕ฎ⌮ࡣ
඲࡚ 10 ⛊㛫࡛࠶ࡾࠊᐊ ࡟ᡠࡋ࡚ ᐃࢆ⾜ࡗࡓࠋᮍฎ
⌮⾲㠃ࡣ C ࡜ O ࡢởᰁ࢞ࢫࡀ⾲㠃࡟௜╔ࡋ࡚࠸ࡿࡓࡵ
࠿ In࡜Pࡢ࣮࢜ࢪ࢙ᙉᗘࡣᴟࡵ࡚ᙅ࠸ࠋࡋ࠿ࡋ࡞ࡀࡽࠊ
ึᮇࡢᩘⓒᗘࡢຍ⇕ฎ⌮࡛ O ࡣ⬺㞳ࡍࡿࠋ୍᪉ࠊC ࡣ
ᑡࡋቑຍࡍࡿࡀࠊࡇࢀࡣึᮇࡢຍ⇕᫬࡟⬺㞳ࡍࡿởᰁ
࢞ࢫ࡛┿✵ᗘࡀపୗࡋࠊ෌ᗘ⾲㠃྾╔ࡋࡓྍ⬟ᛶࡀ࠶
ࡿࠋࡑࡢ㝿ࠊP ࡢᙉᗘࡣഹ࠿࡟ቑຍࡍࡿࡀ In ࡢᙉᗘࡣ
ࡑࢀ࡯࡝ኚ໬ࡀぢࡽࢀ࡞࠸ࠋ୧⪅ࡢᙉᗘẚࡣ 450Υࡢຍ
⇕ฎ⌮ࡲ࡛࡯ࡰ୍ᐃ࡛࠶ࡿࠋ࡜ࡇࢁࡀ 490Υ㏆ഐ࠶ࡿ࠸
ࡣࡑࢀ௨ୖࡢຍ⇕ ᗘ࡟࠾࠸࡚ P ࡢᙉᗘࡀ㢧ⴭ࡟ቑ኱
ࡍࡿࠋ 
ࡑࡇ࡛ࠊIn ࡢ࣮࢜ࢪ࢙ᙉᗘ࡟ᑐࡍࡿ P ࡢ࣮࢜ࢪ࢙ᙉ
ᗘࡢẚࢆྛຍ⇕ฎ⌮࡟ᑐࡋ࡚ࣉࣟࢵࢺࡋࡓࠋࡑࡢ⤖ᯝ
ࢆ Fig. 6(b)࡟♧ࡍࠋ▮༳࡛♧ࡍ 500Υ௜㏆௨ୗ࡛ࡣᮍฎ
⌮⾲㠃ࢆ㝖ࡁ IP/IInࡣ 5௜㏆ࡢ୍ᐃ್ࢆ♧ࡍࠋ࡜ࡇࢁࡀࠊ
⣙ 500Υࢆ㉺࠼ࡿ࡜ᛴ⃭࡟ IP/IIn ࡣ 10 ௨ୖ࡟ቑ኱ࡋࠊP
ࣜࢵࢳ࡜࡞ࡿഴྥࡀぢฟࡉࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊࡇࡢ⤖ᯝ
ࡣ Fig. 5 ࡛㏙࡭ࡓ EDS ࡢ⤖ᯝ࡜཯ࡍࡿࠋࡑࡢ⌮⏤࡜ࡋ
࡚ EDS ࡜ AES ࡢ᳨ฟ῝ࡉࡢ㐪࠸࡟ࡼࡿࡶࡢ࡜⪃࠼ࡽ
ࢀࡿࠋࡍ࡞ࢃࡕࠊ⣙ 500Υ௨ୖ࡛ P ཎᏊࡣ⾲㠃ࢆ⤒⏤ࡋ
࡚⵨Ⓨࡋ࡚ࡺࡃࡀࠊ ᗘࢆᐊ ࡟ୗࡆࡿ࡜ࠊ⾲㠃ࢆ⤒⏤
ࡋ࡚⵨Ⓨࡍࡿ P ཎᏊࡀ෭༷ࡉࢀ࡚᭱⾲㠃࡟ṧᏑࡋࡓࡶ
ࡢ࡜⪃࠼ࡽࢀࡿࠋṧᏑ P ཎᏊࡣ In ࢻࣟࢵࣉࣞࢵࢺࡢ᭱
⾲㠃ࢆそࡗ࡚࠸ࡿ࡜᥎ ࡉࢀࡿࠋ 

 ຍ⇕ฎ⌮࡟ᑐࡍࡿᚤどⓗ⾲㠃ᙧែ
500Υ㏆ഐ࡛ࡢ⾲㠃ᙧែࡢኚ໬ࢆࢼࣀ࡛ࣞ࣋ࣝヲࡋ
ࡃㄪ࡭ࡿࡓࡵ AFM ほᐹࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࢆ Fig. 7 ࡟
♧ࡍࠋ (a)ᮍฎ⌮⾲㠃ࠊ(b)࡜(c)ࡣࡑࢀࡒࢀ 520Υ࡜ 550Υ
࡛ࡢຍ⇕ฎ⌮ᚋࡢ⾲㠃ࡢ AFM ほᐹ⤖ᯝ࡛࠶ࡿࠋ(a)ࡢᮍ
ฎ⌮⾲㠃࡛ࡣ㙾㠃◊ᦶࡉࢀ࡚࠸ࡿࡶࡢࡢ 100nm ௨ୗࡢ
ẚ㍑ⓗࢧ࢖ࢬ࡜ᙧ≧ࡢᥞࡗࡓ InP ⤖ᬗ⢏ࡀᐦ㞟ࡋ࡚㓄
ྥࡋ࡚࠸ࡿᵝᏊࡀࢃ࠿ࡿࠋ⤖ᬗ⢏ࡢ᪉఩ࡣᇶᯈ᪉఩࡜
ྜ⮴ࡍࡿࡇ࡜ࡣ RHEED ࡢ㏱㐣ࣃࢱ࣮ࣥ࠿ࡽ☜ㄆࡋ࡚
࠸ࡿࡀࠊࡑࡢヲ⣽ࡣูࡢᶵ఍࡟ㆡࡿ୍ࠋ ᪉ࠊ(b)ࡢ 520Υ
ࡢຍ⇕ฎ⌮ᚋ࡛ࡣ⤖ᬗ⢏ࡢࢧ࢖ࢬࡣᑡࡋᑠࡉࡃ࡞ࡾࠊ
ᐦᗘࡶῶᑡࡋࠊẚ㍑ⓗᖹᆠ࡞ᙧែࡀ⌧ࢀ࡚࠸ࡿࠋ(c)ࡢ
550Υࡢຍ⇕ฎ⌮ᚋ࡛ࡣ⤖ᬗ⢏ࡣ࡯ࡰᾘኻࡋ࡚࠸ࡿࠋ⾲
㠃ࡢᖹᆒ㠃⢒ࡉࡣ(a)ࡀ 1.4nmࠊ(b)ࡀ 0.98nm ࡑࡋ࡚(c)ࡀ
0.26nm ࡛࠶ࡗࡓࠋ500Υ⛬ᗘࡢຍ⇕ฎ⌮࡛ In ࡢࢻࣟࢵ
ࣉࣞࢵࢺࡢᙧᡂࡀጞࡲࡿࡀࠊ(b)࡜(c)ࡣࢻࣟࢵࣉࣞࢵࢺ
㛫ࡢᖹᆠ㡿ᇦࢆほᐹࡋࡓࡶࡢ࡛࠶ࡿࠋ 

Fig. 6 (a) Auger spectra depending on heat 
treatment and (b) the intensity ratio of P to 
In 
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
 ຍ⇕ฎ⌮࡟ᑐࡍࡿ⾲㠃ᵓ㐀
ୖ࡛ぢࡓࡼ࠺࡟ 500Υ㏆ഐࡢຍ⇕࡟ࡼࡾ InPࡢᚤ⤖ᬗ
ࡣᾘኻࡋጞࡵࠊ550Υ࡛ࡣ࡯࡜ࢇ࡝ᾘኻࡋ࡚ཎᏊࣞ࣋ࣝ
࡛ᖹᆠ࡞⾲㠃ࡀฟ⌧ࡍࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡓࡔࡋྠࠊ ᫬
࡟ In ࡢࢻࣟࢵࣉࣞࢵࢺࡶᙧᡂࡉࢀࡿࠋᖹᆠ㡿ᇦࡢ⾲㠃
ᵓ㐀ࢆㄪ࡭ࡿࡓࡵ࡟ MEED ᅗᙧࡢほᐹࢆ⾜ࡗࡓࡢ࡛
Fig. 8 ࡟♧ࡍࠋ(a)ࡣᮍฎ⌮⾲㠃ࡢࡓࡵࠊởᰁඖ⣲ࡶ⾲㠃
࡟྾╔ࡋ࡚࠾ࡾࠊࢹ࢕ࣇ࣮ࣗࢬ࡛࠶ࡿࠋ(b)ࡢ 320Υ࡛ࡣ
ᑡࡋᩬⅬࡽࡋࡁࡶࡢࡣ⌧ࢀ࡚ࡣ࠸ࡿࡀ᫂░࡛ࡣ࡞ࡃࠊ
(c)࠶ࡿ࠸ࡣ(d)ࡢ 450Υ࠶ࡿ࠸ࡣ 520Υࡢຍ⇕ฎ⌮ࢆ⾜
࠺ࡇ࡜࡛ࠊᅇᢡᩬⅬࡀ⌧ࢀጞࡵ࡚࠸ࡿࠋࡇࢀࡽࡢᩬⅬࡣ
InP(111)ࡢᇶᮏ཯ᑕ࡛࠶ࡾࠊࡲࡓ⳥ụࣂࣥࢻࡶᙅ࠸࡞ࡀ
ࡽ☜ㄆ࡛ࡁࡿࠋ⣙ 500Υ௨ୖࡢຍ⇕ฎ⌮ࢆ᪋ࡍ࡜ࠊ᪤࡟
Fig. 7 ࡢ AFM ࢖࣓࣮ࢪ࡛ぢࡓࡼ࠺࡟⾲㠃࡟Ꮡᅾࡍࡿከ
ᩘࡢ InP ᚤ⤖ᬗࡀ⇕ᣑᩓ࡟ࡼࡾᑠࡉࡃ࡞ࡾࠊᖹᆠᛶࡀቑ
ࡍࡇ࡜࡟ࡼࡾᅇᢡᅗᙧࡀ⌧ࢀࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ᭦
࡟ࠊ(e)ࡸ(f)ࡢࡼ࠺࡟ 550Υ㏆ഐࡲ࡛ຍ⇕ฎ⌮ࡍࡿ࡜ࠊ㯮
▮༳࡛♧ࡍᇶᮏ཯ᑕᩬⅬࡢ୰㛫࡟ⓑ▮༳࡛♧ࡍ᪂ࡓ࡞
1/2 ḟࡢ㉸᱁ᏊᩬⅬࡀᙅ࠸࡞ࡀࡽฟ⌧ࡍࡿࠋᅗ(f)ࡢᴃ෇
࡛ᅖࢇࡔ༢఩㏫᱁Ꮚࢆ෗ࡋྲྀࡗࡓᅗࢆྑᶓ࡟ᤄධࡋࡓࠋ
ⓑࡃሬࡾࡘࡪࡋࡓⅬࡀᇶᮏ㏫᱁ᏊⅬ࡛࠶ࡾࠊ୰ᢤࡁࡢ
Ⅼࡀ 1/2 ḟࡢ㉸᱁ᏊⅬࢆ♧ࡋ࡚࠸ࡿࠋࡍ࡞ࢃࡕࠊ2 ಸࡢ
࿘ᮇᛶࡢᏑᅾࡀぢฟࡉࢀࡓࠋࡇࡢຍ⇕ ᗘ࡟࠾࠸࡚ࠊFig. 
6 ࡢ࣮࢜ࢪ࢙ ᐃࡢ⤖ᯝ࠿ࡽ In ࢻࣟࢵࣉࣞࢵࢺ᭱⾲㠃
ࡣ P ࣜࢵࢳ࡜࡞ࡗ࡚࠸ࡿࠋࢻࣟࢵࣉࣞࢵࢺ㛫ࡢᖹᆠ㡿
ᇦ࡛ࡣ MEED ほᐹ࠿ࡽ 2 ಸ࿘ᮇࡢ InP㸦111㸧⾲㠃ࡀᙧ
ᡂࡉࢀࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡇࡢヲ⣽࡞⾲㠃ᵓ㐀࡟ࡘ࠸
࡚ࡣ௒ᚋࡢㄢ㢟࡛࠶ࡿࠋ 
 
㸬ࡲ࡜ࡵ
௨ୖࡢᐇ㦂ほ ⤖ᯝ࠿ࡽ InP(111)⾲㠃ࡣ⣙ 500Υ㏆ഐ
ࡢຍ⇕ ᗘ࡛⾲㠃ᙧែࠊ⾲㠃⤌ᡂࠊ⾲㠃ᵓ㐀ࡀ኱ࡁࡃኚ
໬ࡍࡿࡇ࡜ࡀぢฟࡉࢀࡓࠋᮏ◊✲࡛㛤Ⓨࡋࡓ MEED ほ
ᐹ࡜࣮࢜ࢪ࢙ ᐃࡀྍ⬟࡞᪂ MEED-AES ⿦⨨ࠊSEM-
EDS ࡑࡋ࡚ AFM ࢆ⏝࠸࡚ InP(111)⾲㠃ࡢຍ⇕ฎ⌮ ᗘ
࡟ᑐࡍࡿ⾲㠃ࡢኚ໬ࢆㄪ࡭ࡓࠋࡑࡢ⤖ᯝࠊ௨ୗࡢⅬࡀ᫂
ࡽ࠿࡟ࡉࢀࡓࠋ 
㸯㸬㏻㟁㟁ὶ࡜ ᗘ࡜ࡢ㛵ಀࡣ 500Υ௜㏆࡛㟁ὶ࡟ᑐ
Fig. 7 AFM images; (a) untreated, (b) heat 
treated at 520Υ and (c) at 550Υ 
Fig. 8 MEED patterns depending on heat 
treatment; (a) untreated, (b) 320Υ, (c) 450Υ, 
(d) 520Υ, (e) 540Υ, (f) 550Υ  
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
ࡍࡿ ᗘୖ᪼⋡ࡀపୗࡍࡿࠋࡇࢀࡣ࢟ࣕࣜ࢔ᐦᗘࡢቑ
ຍ࡜⾲㠃⤌ᡂࡢኚ໬࡟ࡼࡾ⾲㠃ࡢ㟁Ẽ᢬ᢠ⋡ࡀୗࡀࡗ
ࡓࡇ࡜࡟ࡼࡿࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ 
㸰㸬AFM ほᐹ࠿ࡽᮍฎ⌮⾲㠃࡟ࡣᩘ༑ nm ࠶ࡿ࠸ࡣ
ࡑࢀ௨ୗࡢࢧ࢖ࢬࡢ InP ᚤ⤖ᬗࡀᐦ㞟ࡋࠊ࠿ࡘ㓄ྥࡋ࡚
Ꮡᅾࡍࡿࠋ500Υ௜㏆ࡢຍ⇕ ᗘ࡛ᚤ⤖ᬗࢧ࢖ࢬࡣᑠࡉ
ࡃ࡞ࡾࠊࡲࡓᐦᗘࡶపࡃ࡞ࡾᖹᆠ⾲㠃ࡀฟ⌧ࡋጞࡵࡿࠋ
550Υ࡛ᚤ⤖ᬗࡣ࡯ࡰ࡞ࡃ࡞ࡾࠊᖹᆒ㠃⢒ࡉ 0.26nm ࡢ
ᖹᆠ⾲㠃࡟࡞ࡿࡀྠࠊ ᫬࡟ SEM㸫EDS ほ ࠿ࡽ In ࡢࢻ
ࣟࢵࣉࣞࢵࢺࡶᩘከࡃᙧᡂࡋጞࡵࡿࠋࡲࡓࠊSEM ࡢ᳨
ฟ῝ࡉ⣙㸯ȣm ࡢ⠊ᅖෆ࡛ࡣ P ࡀ⾲㠃࠿ࡽ⵨ⓎࡋࠊIn
ࣜࢵࢳ࡜࡞ࡗ࡚࠸ࡿࠋ 
㸱㸬୍ ᪉ࠊAES  ᐃ࠿ࡽ⣙ 500Υ௨ୖ࡛᭱⾲㠃࡟ࡣ㐣
๫ࡢ PࡀṧᏑࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡇࡢࡇ࡜࠿ࡽࠊ
In ࢻࣟࢵࣉࣞࢵࢺ᭱⾲㠃ࡣ P ࡛そࢃࢀ࡚࠸ࡿࡶࡢ࡜⪃
࠼ࡽࢀࡿࠋࡲࡓࠊࢻࣟࢵࣉࣞࢵࢺ㛫ࡢᖹᆠ㡿ᇦࡣ
InP(111)⾲㠃ࡀಖᣢࡉࢀ࡚࠸ࡿࠋ 
㸲㸬MEED ほᐹ࠿ࡽ InP(111)⾲㠃ࡣ⣙ 500Υ௜㏆ࡢຍ
⇕࠿ࡽ 11 ⾲㠃ᵓ㐀ࡢᅇᢡᩬⅬ㸦ᇶᮏ཯ᑕᩬⅬ㸧ࡀ᫂
░࡜࡞ࡾࠊ550Υ௜㏆࡛ࡣ 2 ಸ࿘ᮇࡢ⾲㠃㉸ᵓ㐀ࡀฟ⌧
ࡍࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋ 
InP(001)⾲㠃ࡢᵓ㐀ゎᯒ 4㸧ࡸ InP(111)A ⾲㠃࡟࠾ࡅࡿ
22 ࡸҀ3Ҁ3 ㉸ᵓ㐀⾲㠃ࡢᵓ㐀ゎᯒ 5㸧ࡢሗ࿌ࡣ࠶ࡿ
ࡀࠊInP(111)B ࡢ⾲㠃ᵓ㐀ゎᯒࡢሗ࿌ࡣ࡯࡜ࢇ࡝࡞࠸࡜
ᛮࢃࢀࡿࠋ௒ᚋࠊຍ⇕ฎ⌮ࡔࡅ࡛࡞ࡃ࢖࢜ࣥࢫࣃࢵࢱࣜ
ࣥࢢࡶే⏝ࡋ࡚ InP(111)Bࡢᖹᆠ࡛Ύί࡞⾲㠃ࡀᙧᡂ࡛
ࡁࢀࡤ RHEED ࣟࢵ࢟ࣥࢢἲࢆ⏝࠸ࡓ⾲㠃ᵓ㐀ゎᯒࡶ
ྲྀࡾ⤌ࡴணᐃ࡛࠶ࡿࠋ 
 
ㅰ㎡
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